We have extended our investigation of nicotinamide deamidation in the stomach of conventional rats. The bacterial species in the pars preventricularis were identified as Flavobacterium peregrinum, Escherichia coli, Streptococcus faecalis, and Lactobacillus acidophilus, listed in order of decreasing deamidase activity. Nicotinamide-7-14C ingested into rat stomach was rapidly deamidated to nicotinic acid. These results contribute to the accumulated evidence that microorganisms present in the pars preventricularis of rat stomach are responsible for the deamidation of nicotinamide to nicotinic acid, a known precursor of mammalian pyridine nucleotides.
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It has been well recognized that the biosynthesis of nicotinamide adenine dinucleotide (NAD) in mammals can occur through the operation of three different pathways ( Fig. 1) , i.e., by the conversion of tryptophan via quinolinic acid (pathway a) and from nicotinic acid (pathway b) or nicotinamide (pathway c; references 3, 5, 6, 17, 21, 22, 25) . Since the biosynthesis of NAD from nicotinamide via nicotinamide mononucleotide (pathway c) does not seem to occur in mammalian tissues except in the mammary glands (7), the physiological role of nicotinamide deamidase (pathway d) has been a subject of investigation in this field for a long time (1) . Nicotinamide deamidase has been demonstrated in the liver by Greengard et al. (8, 10) and Chaykin et al. (18, 29) , but this enzyme has a very high Km as compared to the concentration of nicotinamide normally found in cells (11) . There is, therefore, some question as to the physiological significance of hepatic nicotinamide deamidase.
In 1966, Ichiyama et al. (14) suggested that nicotinamide deamidase may act in the gastrointestinal region; however, they did not carry out any detailed enzymatic studies, nor did they determine whether this deamidation would be due to tissue enzymes or to gastrointestinal bacteria.
Very recently, Tanigawa et al. (30) reported that almost all stomach deamidase activity in normal rats is localized in the pars preventricularis but that no activity could be detected in germ-free rats; they concluded that this deamida- 1 Present address: Department of Internal Medicine, Osaka Medical College, Osaka, Japan. tion is done by microorganisms present in the pars preventricularis. The purpose of the present investigation was to identify the bacterial species in the pars preventricularis and to determine the deamidase activity of the various species in pure culture. We discovered that 14C-nicotinamide ingested into conventional rat stomach is converted rapidly to nicotinic acid and enters into the NAD biosynthetic pathway in the liver of the host. Identification of "C-compounds after "4C-nicotinamide ingestion. "4C-nicotinamide (45 nmoles, 0.2 pCi)
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was dissolved in 1.0 ml of a 0.9% NaCl solution and ingested into the rat stomach. After the time indicated, the various organs were quickly removed and then homogenized with five volumes of cold 10% perchloric acid in a glass homogenizer and centrifuged at 8,500 x g for 10 min. The pH of the supernatant solution was adjusted to 7.0, and the radioactivity of the neutralized solution was determined. Neutralized extracts from the stomach, small intestine, and liver were chromatographed on Toyo no. 51 filter paper with authentic samples. Nicotinamide and nicotinic acid were identified by chromatography of the samples with solvent I (ethyl acetate-water-90% formic acid; 60:70:5) and in solvent system 11 (1 -butanol-water-concentrated NH4OH; 680:114:6). To detect the 14C-NAD in the samples, the acid extract was added to five volumes of cold acetone and stored at -20 C overnight. The acetone precipitate was collected by centrifugation and dissolved in a minimal volume of water. These solutions were employed as paper chromatographic samples by using solvent system III (I M ammonium acetateethanol; 3:7, pH 5.1) and solvent system IV (pyridinewater; 2:1). Radioactive spots corresponding to the ultraviolet absorption of authentic samples on paper were counted by the method described above.
RESULTS
Comparison of nicotinamide deamidase activity in the pars preventricularis and pars glandularis. Table I shows the comparison of nicotinamide deamidase activity in the pars preventricularis and the pars glandularis. The deamidase activity in the pars glandularis was less than l30th of that in the pars preventricularis. These results are almost identical to the preliminary data reported (30) .
Identification of microorganisms present in the pars preventricularis. Four strains of bacteria were isolated from the pars preventricularis of Table 2 .
The number of each species of microorganisms was determined to assess its quantitative contribution (Table 3 ). L. acidophilus was most numerous.
Nicotinamide deamidase activity of microorganisms present in the pars preventricularis. The comparative nicotinamide deamidase activity of the four strains isolated from the pars preventricularis is shown in Table 4 . The order of decreasing activity is F. peregrinum, E. coli, S. faecalis, and L. acidophilus, with activity assayed under the same conditions.
Fate of nicotinamide ingested into rat stomach. As mentioned above, nicotinamide is deamidated in rat stomach by microorganisms present in the pars preventricularis. However, it is necessary to determine whether this nicotinamide deamidation would occur under the acidic conditions in the stomach, since the optimum pH of the nicotinamide deamidase partially purified from the pars preventricularis of rat stomach is about 6.5 (30) . To trace the fate of nicotinamide in the stomach, nicotinamide-7-14C (45 nmoles, 0.2 ,uCi) was ingested by stomach tube into the conventional rats, and the resultant radioactivity in the stomach, small intestine, and liver was determined. An increase in radioactivity in the small intestine and liver followed a decrease in radioactivity in the stomach (Fig. 2) . The radioactive compounds in the stomach 1 hr after 14C-nicotinamide administration were analyzed by paper chromatography in two solvent systems. Figure 3 shows that nearly all of the "4C-compounds were present as nicotinic acid and that no 14C-nico- tinamide derivatives were observed in the stomach. Similar results were obtained in the small intestine. The RF values for nicotinamide and nicotinic acid were 0.22 and 0.45, respectively, in system I, and 0.61 and 0.16, respectively, in system II. The liver contained as much as 15% of the radioactivity 2 and 4 hr after "4C-nicotinamide ingestion (Fig. 2) . Analysis, of the radioactive compounds in the liver extract 2 hr after 14C- nicotinamide ingestion showed that about 30% of the "4C-compounds in the liver was NAD (data not shown). The data described in Fig. 2 and 3 indicate that nicotinamide is deamidated rapidly in the stomach. These data provide evidence of the incorporation of "4C-nicotinic acid into hepatic NAD after "4C-nicotinic acid ingestion into the portal vein of mice (14, 15) .
Relationship between presence of microorganisms and pH of the mucous membrane. The pH of the mucous membrane of the stomach was measured by pH test paper. The pH of the pars preventricularis was about 6.5, the pH of the pars glandularis was about 2.0. F. peregrinum and E. coli grew well in broth medium at pH 7.5 to 5.5, under aerobic conditions; no growth occurred below pH 4.5. Therefore, the presence or absence of microorganisms in the two parts of the stomach may be due to differences in the pH of the mucous membrane. The influence of the presence or absence of microorganisms in the two parts of the stomach described here substantiates the results is in excellent agreement with the distribution described in Table 1 Gholson proposed that the nicotinamide normally released by NAD glycohydrolase (EC 3.2.2.5) can be incorporated into NAD (5) . Although significant quantities of this nicotinamide released from NAD appear to be excreted as N'-methylnicotinamide (2), it is possible that some of this nicotinamide controls the pyridine nucleotide level by the inhibition of NAD glycohydrolase (32), and that it is excreted into the stomach (14, 15) and deamidated to serve as a precursor of NAD in the host.
Recently, some metabolic products of microorganisms present in the intestinal region were detected in urine (12, 20) . As these enzymatic reactions involving nicotinamide deamidation do not occur in mammalian tissue per se, it is interesting to know the cooperative relationship between animals and microorganisms in the operation of significant pathways.
